Introduction silencing of FLC. Specifically, vernalization increases histone 3 K27 trimethylation 1 3 2 (H3K27me3) at FLC chromatin, reducing transcriptional activity (Sung et al., 2006; 1 3 3 Finnegan & Dennis, 2007; Greb et al., 2007; Coustham et al., 2012; Yang et al., 2014) . The vernalization-induced silencing of FLC releases the repression on the transition to 1 3 5 flowering, which permits the transition to reproductive growth (Searle et al., 2006) . Additionally, the roles of the COOLAIR long noncoding antisense transcripts transcribed 1 3 7 from the AtFLC locus have been revealed as a key regulatory component in the cold-1 3 8 induced regulation of FLC (Swiezewski et al., 2009; Csorba et al., 2014; Marquardt et al., rosettes for as long as 150 days prior to flowering (Best & McIntyre, 1972) . It was later 1 4 7 found that vernalization increased the rate of flowering in the late flowering accessions 1 4 8 (Best & Mc Intyre, 1976) . Analyses of F2 progeny between the late and early flowering In this report we address the questions concerning the molecular basis for the spring 1 5 4 flowering habit in pennycress, whether or not the spring habit has arisen only once or 1 5 5 multiple times in nature, and we begin to analyze the geographic distribution of 1 5 6 pennycress flowering time variants. These studies were aided by genomic resources that al., 2013; Dorn et al., 2015) These resources capture the pennycress gene space and greatly aided in the identification of alterations that lead to spring flowering. We show and sequenced. Additional pennycress accessions described here with the 'PI' or 'Ames' prefix were 1 7 2 obtained from USDA-GRIN. All pennycress accessions with the 'MN' prefix were Plants were germinated on moist Berger BM2 germination mix (Berger, Inc., www.berger.ca), stratified at 4° C for 7 days, and grown in climate-controlled growth 1 7 9 chambers at the University of Minnesota (21° C, 16 hour/8 hour day/night cycles at 100 1 8 0 micromoles/m 2 /s PAR). The MN111 plant sequenced in this analysis was vernalized at 1 8 1 six weeks post-germination at 4° C for 30 days in the dark. After vernalization, this plant 1 8 2 was returned to the growth chamber conditions described above. The spring annual 1 8 3 accessions were not vernalized as they flowered immediately. Adaptor #11 -barcode = GGCTAC) were used to create the sequencing libraries. Each DNA from the six selected European pennycress accessions was isolated using the All raw sequencing datasets have been deposited in the NCBI Short Read Archive under 2 0 5
BioProject PRJNA237017 / SRA Accession SRP036068 (Table S1 ). Illumina sequencing read quality and contamination were examined using FASTQC 2 0 9 (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). FASTQ files were filtered 2 1 0 and trimmed to remove low quality reads and sequencing adaptors using BBDuk ( 2 1 1 https://sourceforge.net/projects/bbmap/) using the following parameters: ftl=10 2 1 2 minlen=50 qtrim=rl trimq=10 ktrim=r k=25 mink=11 hdist=1 from each accession were mapped to the v1 pennycress genome using Bowtie 2 and 2 1 6 visualized in CLC Genomics Workbench. varieties, and EMS mutant 2 2 0 DNA was isolated from F2 progeny grown in the conditions described above using the 2 2 1
Omega Bio-Tek Plant MagBind 96 kit according to the manufacturers recommended 2 2 2 protocol. DNA oligos were designed to amplify the 5' end of the pennycress FLC gene TaFLC_1_Rev: 5' -GAAGCTTAAAGGGGGAAAAAGGAA -3', Table S2 ). This England Biolabs Q5 High-Fidelity PCR Kit with 2x Master Mix was used, with the 2 3 0 following thermal cycler conditions: 1.) 98°C for 30 seconds, 2.) 98°C for 10 seconds, 3.) 2 3 1 57°C for 20 seconds, 4.) 72°C for 20 seconds, 5.) Go to step #2 34 times , 6.) 72°C for 2 2 3 2 minutes, 7.) 4°C hold. Reactions were visualized to confirm amplification of a single were sequenced in both directions using the forward and reverse primers listed above. Sanger sequencing reads were analyzed in CLC Genomics Workbench and aligned 2 3 7 against the pennycress MN106 reference genome at the FLC locus to identify sequence 2 3 8 variants. CGAACCATAGTTCAGAGCTT -3', Table S2 ) were designed to amplify a single 2 4 4 amplicon overlapping the 456 bp deletion (Fig. S1 ). In the absence of the flc-B allele, a 2 4 5 2,088 bp fragment is produced, whereas a 1,632 bp fragment is produced in plants with 2x Master Mix was used, with the following thermal cycler conditions: 1.) 98°C for 2 4 8 30 seconds, 2.) 98°C for 5 seconds, 3.) 63°C for 15 seconds, 4.) 72°C for 60 seconds, 5.) 2 4 9
Go to step #2 34 times, 6.) 72°C for 2 minutes, 7.) 4°C hold. A diagnostic PCR test was developed to test for the presence or absence of the flc-C 2 5 2 allele (Fig. 2C, Fig. S2 ). A primer set (TaFLC_4_Forw: 5'- GCTAATTTTTCAGCAAATCTCCCG -3', Table S2 ) was designed to amplify a 6,598 England Biolabs Q5 High-Fidelity PCR Kit with 2x Master Mix was used, with the 2 5 8 following thermal cycler conditions: 1.) 98°C for 30 seconds, 2.) 98°C for 5 seconds, 3.) MN108SA is highlighted in yellow. Read mappings at the pennycress FRI and FLC loci for MN106, MN111, and MN108SA 3 1 6
were examined to identify potential mutations underlying the winter to spring annual non-causative effect on the spring annual growth habit (Fig. S3 ). This SNP was found to Within the MN106 draft genome, a single copy of FLC with a high degree of similarity to 3 2 5 that of Arabidopsis was identified ( Fig. 1B, Fig. S4, Fig. S5 ). We identified a single To obtain genetic evidence that this flc-A allele was the causal variant responsible for the 3 3 2 spring flowering habit in MN108SA, an F2 population from the cross between MN111 1 3 analysis (χ2=0.026667, p-value = 0.8703) indicates that the data fits a 1:2:1 segregation 3 4 3 pattern that is predicted for a single recessive mutation in this F2 population. screen, a new spring flowering time mutant was identified ( Fig. S6 ). This line did not the presence of the deletion, whereas amplification in the second row confirms absence of 3 7 0 the deletion. The sequences of primers used are shown in Table S2 , and primer locations and amplicon strategy is shown in Fig. S2 . Results for accession PI650286 (Groitzsch, Neg. control At the onset of this experiment, the predicted costs associated with PCR-based cloning 4 3 3 and sequencing of all candidate genes was assessed. This analysis indicated that it is now 4 3 4 less expensive to use the whole genome sequencing (WGS) approach to first identify a 4 3 5 candidate locus in the parent accessions, and then proceed to test F2 progeny via PCR 4 3 6
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Use of NGS to quickly identify mutations in FLC
and Sanger sequencing. Here we report the discovery of four natural alleles of FLC that approach here is that we now also have genome-wide markers for the two parents of the Additionally, as the network controlling flowering time is known to be extremely Neg. control 
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